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Response of soil macrofauna diversity to environmental factors under plateau

zokor ( Myospalax baileyi) disturbance in alpine meadow ecosystem

YE Guohui, CHU Bing, HU Guixin, ZHANG Feiyu, HUA Xianze, ZHOU Fufei, HUA Limin "
College of Grassland Science, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Soil fauna are important components in terrestrial ecosystems. Because soil animals are very sensitive to
environment changes, they are useful indicators for soil assessing ecosystem health. In alpine meadow ecosystems, soil
animals, especially invertebrates and soil dwelling microfauna are disturbed by herbivorous mammals because of their
grazing, trampling, and nutrient transfer through feces and urine etc. Here, we report a study showing the effect of plateau
zokor disturbance on soil fauna composition and distribution in alpine meadow in Tianzhu County in the eastern Qilian
Mountain in China. We used the zokor mound density to represent its disturbance intensity. We selected four paddocks with
different zokor's mounds densities to investigate the soil fauna species and habitat characteristics, including soil physical
and chemical properties and plant species diversity and biomass. Multiple Regression analysis was used to determine the
relationship between the soil fauna diversity and habitat characteristics. Redundancy analysis was used to assess the
influence of environmental factors on soil fauna species distribution and composition. The results show that the Valloniidae,
Curculionidae and Brachycera larva were the dominant soil fauna group in the study area. The abundance and richness and

Shannon index of the soil animal community in the paddock with extreme disturbance intensity were significantly higher than
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that in the severe disturbance intensity ( P<0.05). The soil fauna abundance, richness and Shannon diversity index had a
significant negative correlation with soil temperature. Species richness had significantly negative correlation with soil
moisture, the species abundance had significantly negative correlation with soil compaction. The Shannon diversity index for
plants had significantly negative correlation with richness and Shannon diversity index of soil fauna. Furthermore, the spatial

distribution of soil fauna community was significantly affected by soil temperature, compaction and soil moisture at all sites.
Key Words:; Myospalax baileyi; soil fauna; soil fact; Redundancy analysis
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Table 1 Characteristics of plant communities and soil properties in the plots under different disturbance of plateau zokor

gt DREEMRE R AL

TR YA S TR FRARE

. . Plant Sedge’s above- Forb’s above- Soil organic
Disturbance Richness Eveness Shannon . . .
. ) o community ground biomass/  ground biomass/ matter/
degree index index diversity index . ’ ) )
height/cm (g/m*) (g/m”) (g/kg)
LD 15.4£0.50a 0.94£0.01h 3.40£0.11a 8.26+0.81c 187.5+30.27a 158.7+13.16ah 97.5+3.84a
MD 14.8+0.56a 0.95+0.01a 3.42£0.12a 10.9£0.61a 161.9+17.75a 131.3+10.85h 95.5+5.09a
HD 16.1£0.48a 0.94£0.01h 3.37£0.07h 10.0£0.91b 161.3£12.41a 189.9+18.95a 99.7+3.19a
ED 15.1£0.51a 0.94£0.01h 3.27£0.12¢ 8.71£0.64c 158.7+26.43a 152.2+17.69ah 98.5+5.49a
THEN TR R &7 R ] e THaRE T HER TR
. i i - 135 pH i o .
Disturbance Soil total Soil total Soil total Soil bl Soil Soil moisture Soil
i
degree N/(g/kg) P/(g/kg) K/(g/kg) o P temperature/ C content/ % compaction/Kpa
LD 5.24£0.10b 0.79£0.02h 7.82£0.05a 7.22+0.14c¢ 19.06+0.36a 32.08+0.57a 1678+153.6ab
MD 4.83£0.35h 0.81£0.02h 7.86+0.06a 7.08+0.10a 18.04+0.28b 32.70+0.95a 1519+167.8b
HD 6.30+0.10a 0.81£0.07h 7.84£0.07a 7.18+0.09h 19.21+0.29a 31.87+1.05a 1956+ 95.6a
ED 4.54£0.27h 0.91£0.02a 7.72£0.04a 7.46+0.12¢ 16.32+0.23¢ 29.75+1.21a 1454+119.2b

[RIFARENG FhEFRR 2 R (P<0.05) ;LD AR ,Lightly disturbance ;MD HEETIE, Moderately disturbance; HD; HETI, Heavily disturbance ; ED i
JE T4, Extremely disturbance
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FriE

FIH R3.5.2 H1# corrplot ALiEAT 4= HE S IS TE 22 FE R 45 505 PR 5% B 1 (B A 564 40 BT 462 96 AR D& 4 7K
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Table 2 Compositions of soil macrofauna communities in the plots under different disturbance of plateau zokor

%ﬁ‘f n MD D 5D dilk ﬁt?;“rﬁ
Team Percent/ % Dominance
FLZ 8R4} Valloniidae 37 67 36 41 15.44 e+
Fe# H B} Staphylinidae 21 15 31 37 8.87 ++
ISk HEL Elateroidea 0 1 0 3 0.34 +
I HEL Tenebrionidae 3 0 4 5 1.02 ++
HHEL Chrysomelidae 5 2 1 5 1.11 ++
i 4> 5,8} Melolonthidae 9 9 2 7 2.30 ++
/NEER} Scolytidae 0 0 0 2 0.17 +
ZHF} Curculionidae 61 15 7 78 13.74 et
538 H 411 Coleoptera larva 22 4 0 11 3.16 ++
IRl Aphididae 0 0 0 3 0.26 +
K 5Bl Lygaeidae Schilling 10 2 13 9 2.90 ++
4 F 4) i Hemiptera larva 13 7 6 19 3.84 ++
PR} Cecidomyiidae 9 3 0 5 1.45 ++
55130 H % 1L Brachycera larva 73 58 54 46 19.71 +++
RIEFR} Cercopidae 0 0 0 1 0.09 +
B gAE Noctuidae 12 8 10 12 3.58 ++
IR} Pyralidae 1 1 0 0 0.17 +
133 H 41 1 Lepidoptera larva 0 0 0 1 0.09 +
AL Andrenidae 0 0 1 0 0.09 +
M # 8} Tenthredinidae 3 2 3 5 1.11 ++
ZEWERL Cephidae 0 0 0 1 0.09 +
/NEER} Chalcididae 0 1 0 0 0.09 +
4R} Ichneumonidae 1 0 1 2 0.34 +
%} Tabanidae 0 4 0 4 0.68 +
B HRWE Asilidae 1 0 3 5 0.77 +
IRl Syrphidae 0 0 1 1 0.17 +
Hudk AL Atypidae 2 0 2 3 0.60 +
HiIR AR} Geophilidae 0 0 0 1 0.09 +
AW #} Carabidae 21 7 9 13 4.27 ++
HZER A} Silphidae 1 3 0 8 1.02 ++
# 4R} Geotrupidae 15 55 3 27 8.53 ++
W Formicidae 0 5 0 41 3.92 ++

“ohr T REIERE, A ARE 10% LR+ S LR BAMASL 19%—10% ;< +7 R ZERE, AR E 1% DT
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Fig.1 The comparison of soil macrofauna community diversity under the plateau zokor disturbance
LD: % % + 4, Lightly disturbance; MD: o1 & + 45, Moderately disturbance; HD: T [ + 4, Heavily disturbance; ED: #% & B + 4,

Extremely disturbance

23w R T KA RIES YRR 2 S R R T OCR

KA YA S R T A AH T &5 SRR (B 2) . KA IE SN Shannon F5 5L (A)
5 HEA A (TN) AR EE (ST) 2 W ARG (P<0.05) ; 4] 5% (B) 5 HHEAPLTR (TOC) 2 W% 7 A
K(P<0.05) ; F 5 EHE(C) 5 HHER A (ST) FlHHE5 /K (WC) 2 B E A (P<0.01) ; FEHRE(D) 5
4 SRR (SC) AR (ST) 2 B E A (P<0.05) , SASkF R 5 2R S T3y B MR
(R EE KRR SR ) BHAHC, 5HE 5K A A

KA+ S IR L REE SR F AR S M 25 SRR (| 3) . KA 438 5h 4 Shannon #8450 (A) 5
FE4) Shannon $5 %45 (Sh) 2 2 3 H1AHIE (P<0.01) ; F 5 FEHE 5 (C) 5 544 Shannon $5 % (Sh) 2 i 3 7 AH G
(P<0.01) ; FEEFRE(D) SHWHVE S (He) 20 A (P<0.05) . SVAKRE KB+ 5 8h P 25 2 ek
5 Z2 R 21 (Shannon $540) BHARDC, 5 HEAHPIIR A GRS .
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Fig.2 The relationship between soil macrofauna community diversity and soil factors
A AR Z RS EL Shannon's Diversity Index; B: 32 BE 8 % Evenness index; C: & B 54X Richness index; D F £ 844 Abundance index;
TOC ; - 3EA ML Soil organic matter; TN ; -3 4% Soil total N;SC; T3 E 5B Soil compaction; ST ; +-3EIRFE Soil temperature ; WC; -3 & /K i
Soil moisture content; TK ; 1 3E44] Soil total K;PH; 113 pH Soil pH;TP:ifgéﬁ@fé Soil total P

2.4 R BT R R IES YRR A SR R I OC R
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A R 15 e Sh WSS HE P AR DGR AT 40 (1 5) , RDA HEFF 25— il S WA 4 Shannon 5% (Sh) 281k,
RDA HEFF A il 52 WS MU RE 7% 3 B (He) S5 B A N F25 5701k, WY Rl 1 J7 1), i 98 ) KR+ 1 5h 4
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Fig.3 The relationship between soil macrofauna community diversity and plant factors
A TR ZREETS S Shannon's Diversity Index; B : Y57 BE %L Evenness index; C; 5 BE 5 %L Richness index; D FJE$5%L Abundance index;Ev;
FEYI 5] BEHE %L Plant Evenness index; Rh; #8143 55 BE 354K Plant Richness index; Sh: #4757 £ 45 %% Shannon’s Diversity Index; He ; fi4J)
FEVS 5 BE Plant community height; SB; ¥5 553545 4 i b 2E 9 & Sedge’s above-ground biomass; FB; 2% 2 B AH ¥ Hi I 4= #) & Forb’s above-

ground biomass

K Z %5 ( Inflation factors, IFs) /T 10, KA 3z R [8] B AHSCHESZ M, % 338 K28 Monte Carlo FfifL &
k5 999 IR (3R 3) A5 R FW 8 ML RSB AR f v, R SUEE (SC) L RIES KR (WC) | R A
(ST) A1+ 58450 (TN ) X KB+ HESf Y ISR S0 A7 il e U 34 B 8 25 7K1 (P<0.05) |, 17 HE 4% PR - X R 78 + 3¢
SIS AT R R S SO0 ARG B i K (P>0.05) , + 3 R 7 BB B ik 5 39.5% , %25 W [R5
R, B HEESIEE (SC) I E /K (WC) M- AL (TOC ) X R Y 38 51 W JSHE 53 A il o1 5500 38 &)
IR (P<0.05) |, Higx PR 7 X6 fiff 728 v s 0 34 TG B 35 5 1) ( P>0.05 ), 38 P 7 201 v sl iy 1k 3]
31.4%,

XA R F-28 Monte Carlo FEALE #AG 5 999 YK (3 3) , 45 RFHH 6 A7 PR35 fif B AR b A 0 V%
1 (He ) X Y A+ 3E S ) ISR o0 A7 il R U0 34 31 B 35 7K SF- (P<0.05) |, T Hegix B 7 X6 R AL + 3 sl ) 2 i
AT R () RN A TR 3 1 KO (P>0.05) M) R BRI B BN iR 2 26.6% ., B 25 PR A8 5 ), 447
HEYE = B (He) YR RIAR YL 1 AE Wik (SB) FN¥A) B (Ev ) X R Y 3 Sh W S A o A i R 8 1 3] 1 35K
- (P<0.05) YR F RIHE RSN IR R 28.3% , LRA AT R B 4 R - ( R 21.7%) XK
TSR A R ST R T - (6.3%)
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B4 XBELEYWEHSTERTHSF
Fig.4 RDA biplot between soil factors and soil macrofauna communities
S1. B2y 4=} Valloniidae 352, [ 328 HH ) Staphylinidae ;S3 . ISk B AL Elateroidea; S4 ; 45 H %} Tenebrionidae ;S5 i H R Chrysomelidae ; S6 ; fiffl
Ltakh Melolonthidae ; S7; Y71 Scolytidae ; S8 % R Curculionidae ; S9 ; W 4B Coleoptera larva; S10: F Bl Aphididae; S11; K iR
Lygaeidae Schilling;S12 ;23 H %) 4 Hemiptera larva;S13 . I} Cecidomyiidae; S14 . J5 1 W. H 2 L Brachycera larva; S15: 7K B %} Cercopidae;
S16; Kk F} Noctuidae ; S17 ; SE Uk F} Pyralidae; S18 . 83 H %) 4t Lepidoptera larva;S19 . iR} Andrenidae ; S20 ' #&%} Tenthredinidae; S21 ;25
Rl Cephidae ;S22 J/NEERL Chalcididae ;S23: 15 4% R} Ichneumonidae ;S24., iR} Tabanidae ;525 LU R} Asilidae ;526 B i Rl Syrphidae ; S27 ;
Hidk Rl Atypidae ; S28 ; HiMRBAR) Geophilidae ; S29 ; 2 R} Carabidae ; S30: #EZE )l Silphidae ;S31: # 4 iR} Geotrupidae ; S32 ; WA} Formicidae

R3 IREEE T R E 5w 2 B 40 AR IR Y B SR AN R

Table 3 Gross and net effects of environmental variables on soil macrofauna communities

BT SN % P AL/ % .
Envirment factor Gross effect Net effect

TOC 3.9 1.369 4.5 1.834"
TN 5.1 1.833" 3.4 1.406
TP 2.2 0.758 2.8 1.129
TK 4.3 1.529 3.3 1.348
pH 2.3 0.805 2.2 0.914
wC 6.4 2.320"" 5.9 2431
SC 7.2 2.652"" 4.1 1.658 "
ST 8.1 3.002"" 5.2 2.118"
He 6.3 2.004 " 7.0 2.446 "
SB 4.6 1.452 5.1 1.770"
FB 35 1.098 3.3 1.146
Rh 2.7 0.834 3.4 1.193
Ev 4.9 1.543 5.5 1.925"
Sh 4.9 1.547 4.0 1.409

* FIRTE 0.05 ACF(UM) FRFEFASC, =+ FIRTE 0.01 ZKF- OB b W2EAHE; TOC : 3G P, Soil organic matter; TN : F3E4(, Soil
total N;SC; 3521 | Soil compaction ;ST +-3EJLJE , Soil temperature ; WC ; 135 7K | Soil moisture content; TK ; 1344 Soil total K; pH: 13
pH, Soil pH; TP ; T34, Soil total P;He ; Hi ¥ HE Y% 55 , Plant community height ; SB; VB ZAR Wb [ A= M1, Sedge’s above-ground biomass ; FB ; %
FFH Y LAY Forb's above-ground biomass; Rh: 43 & BEHE%L, Plant Richness index; Ev: AHA 5] 4L, Plant Evenness index; Sh: %)
TR ZAEPEFE S, Shannon's Diversity Index
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